The loss of nutrients in runoff and leaching water from agricultural land is a major cause of poor water quality in the United States. Scientists (NRCS) developed a technique to estimate the impact of agricultural watersheds on natural water resources. The objectives were to apply the technique on Wagon Train (WT) watershed in Nebraska to predict: (i) loss of water by surface runoff and subsurface leaching, (ii) loss of nitrate-N from soils by runoff and leaching, and (iii) nitrate-N loading for WT reservoir. The annual loss of water was estimated at 4.32 million m 3 for runoff and 0.98 million mn 3 for leaching. The observed annual inflow for WT reservoir was 4.25 million in 3 . The predicted annual nitrate-N loss by runoff was about 7.0 Mg and could be considered the annual loading for the reservoir. The predicted nitrate-N loss by leaching was 7.73 Mg, however, the fate was not clear. The estimated average nitrate-N concentration in runoff and leaching water at field sites was 1.63 and 7.88 mg/L, respectively. The observed nitrate-N concentration in water samples taken from 12 major streams ranged between 0.37 and 1.56 mg/L with an average of 0.90 mg/L. Nitrogen uptake by algae, -weeds, and aquatic plants and emission of gaseous nitrogen oxides from fresh water under reducing conditions might explain the lower nitrate-N concentration. No attempt was made to monitor the nitrate-N concentration in soil leachate or groundwater. When factors affecting N concentration in streams are considered, the technique could provide a reasonable estimation of N concentration in stream water. We concluded that the technique could be applied to estimate the loss of nitrate-N by runoff and leaching from soils and the impact on surface waters. (Soil Science 2005;170:969-984) Key words: Runoffnitrate-N, leaching water, leaching nitrate-N, runoff water, agricultural watershed.
Service, and the USEPA has established 10 mg/L nitrate-N as the maximum contaminant limit (MCL) in drinking water for humans and animals (USEPA, 1992) . Levels above 10 mg/L can lead to methemoglobinemia, or "blue baby" syndrome, which is caused by the reduction of oxygen carrying capacity of blood and can lead to brain damage and death. The Central Platte Natural Resources District of Nebraska sponsored a study of groundwater quality across the Central Platte valley. The results indicated that approximately 20% of the valley had groundwater nitrate-N concentration that exceeded 10 mg/L (Bishop, 1994) . In other studies on the Central Platte valley, Gormly and Spalding (1979) and Schepers et al. (1991) concluded that commercial fertilizers applied to cropland are the major source of groundwater nitrate-N in Nebraska.
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Managing nonpoint sources of contamination from agricultural land is technically complex. Contamination sources often are located over a large geographic area and are difficult to identify. Identifying hot spots within a watershed enable more efficient use of funds to alleviate potential problems and protect water resources. There are good models that can estimate the impact of nonpoint sources of contamination from agricultural watersheds. However, -these models are too complex and expensive because they require very extensive data input. The NRCS developed an exploratory technique (Elrashidi et al., 2004) to estimate nitrate-N loss by runoff and leaching for agricultural watersheds. The technique is quick and cost-effective because it utilizes existing climatic, hydrologic, and soil survey databases.
The NRCS technique applies the USDA runoff (USDA/SCS, 1991) and a percolation model (Williams and Kissel, 1991) to estimate losses of runoff and leaching water from soils by rainfall. The technique assumes that soluble nutrients such as nitrate-N are lost from a specific depth of surface soil that interacts with runoff and leaching water. A brief description of the technique is reported in the Materials and Methods section. The objectives of this study were to apply this technique on a watershed (Wagon Train) in Southeast Nebraska to estimate: (i) loss of water by runoff and leaching, (ii) loss of nitrate-N from soils by runoff and leaching, and (iii) nitrate-N loading for Wagon Train reservoir.
MATERIALS AND METHODS

Wagon Train Watershed
Wagon Train (WT) watershed has a 315-acre (128 hectare) reservoir located on the Hickman Branch of Salt Creek (Platte River Basin) in Lancaster County, Nebraska (Fig. 1) . The reservoir was constructed primarily as a flood control structure by the U.S. Army Corps ofiEngineers in 1962. The total drainage area encompass 9,984 acres (4042 hectare) of agricultural land. Most of the area (70%) is cultivated with crops [soybean (glycine willd), corn (zea miays L.), wheat (triticunt aestivum L.), sunflower (helianthus L.), and alfalfa (riedicago sativa L.)]. The rest of the watershed is mostly covered-with grassland, whereas forest-land, wetland, and urban development account for small areas.
The watershed topography is moderately sloping, and soils are well drained. The land relief consists of uplands, stream terraces and bottom lands. There are 33 miles (53 kin) of streams in the watershed, and 40 ponds ranging in size from 0.3 to 6.5 acres (0.12 to 2.6 hectare). Overland flow enters the reservoir through intermittent tributaries. From the dam, the water flows into the Hickman Branch of Salt Creek which flows west and north through Lincoln, and eventually to the Platte River near Ashland, Nebraska.
The watershed has three major soil associations. The Wymore-Pawnee association consists of deep, nearly level to sloping soils, located on ridge tops and side slopes: Wymore (Fine, montmorillonitic, mesic Aquic Argiudolls); Pawnee (Fine, montmorillonitic, mesic Aquic Argiudolls). The Pawnee-Burchard association consists of deep, gently to steeply sloping, loamy and clayey upland soils that developed in glacial till:-Burchard (Fine-loamy, mixed, mesic Typic Argiudolls). The Kenneb6c-Nodaway-Zook association contains deep, nearly level or gently sloping silty soils formed in alluvium on floodplains: Kennebec (Fine-silty, mixed, mesic Cumulic Hapludolls); Nodaway (Fine-silty, mixed, nonacid, mesic Mollic Udifluvents); Zook (Fine, montmorillonitic, mesic Cumilic Hapaquolls).
We used soil associations on the general soil map in the Soil Survey Report of Lancaster County, Nebraska (Brown et al., 1980) to determine the major soil series and phases in WT watershed. Nine soil series (Wymore, Pawnee, Nodaway, Sharpsburg, Mayberry, Colo, Judson, Burchard, and Kennebec) account for 96.1% of the agricultural land. Nearly three-quarters of the watershed consist of Wymore and Pawnee soils.
Soil and Water Sampling
Soil sampling included each of three widely existent phases of Wymore (Wymore-WtB, -WtC2, and -WtD3) and two phases of Pawnee (Pawnee-PaC2 and -PaD2), along with the 'other seven soil series. This approach produced a total of 12 soil map units to sample. Soil samples were collected from cropland and grassland within each map unit. Recently, updated soil survey activities have split Sharpsburg into three soil series (Tomek, Yutan, and Aksarben). The new classification, however, should not affect results given in this study. Loss OF NITRATE-N BY RUNOFF AND LEACHING Representative soil samples were taken from each of the 12 soil map units. To distributesampling locations evenly within the agricultural area, the watershed was divided into six sections. An equal number of samples were taken at random from each section. In total, 72 soil samples from cropland and 24 from grassland were collected ( Fig. 1) .
At the randomly selected sampling sites, three cores were taken from the top 30-cm soil layer and mixed thoroughly in a stainless steel tray. An approximately 2-kg composite sample was packed in a plastic bag and sealed. Sampling was completed during April of 2003 before fertilizer application for the summer crop.
Many small streams receive surface water runoff from the agricultural land in the watershed. Eventually, streams located northerly of the reservoir join in a single stream that runs southerly about 0.5 km before entering the reservoir near the north edge. Water samples taken along the main stream were assumed to represent the surface water runoff generated from the entire watershed.
Most of the surface water runoff from the agricultural land in WT watershed and water inflow for WT reservoir are expected during the rainy season in the spring, summer, and early fall (March through October). In the middle of March, water samples were collected at 12 locations for major streams in the watershed (Fig. 1) . These samples include three locations along the main stream before entering the reservoir. The analysis for major streams proved that samples taken from the main stream are representative for runoff generated from the entire watershed. Accordingly, during the period from April to October; monthly samples were collected only from the three locations along the main stream.
All water samples were taken from streams under base flow conditions to ensure a dear runoff with almost no suspended particulates. Samples were collected (grab) in midstream, by using 1-L polyethylene bottles that have been rinsed twice with stream water before sample, collection. The water samples were takefi immediately to the laboratory and refrigerated at 4 'C. The water analysis was completed within a week. The soil and water sampling locations are shown in Fig. 1 .
Soil and Water Analysis
Soil samples were analyzed on air-dried <2mm soil by methods described in Soil Survey Investigations Report (SSIR) No. 42 (USDA/ NRCS, 1996) . Alphanumeric codes in parentheses next to each method represent specific standard operating procedures. Particle-size analysis was performed by sieve and pipette method (3A1). Cation exchange capacity (CEC) was conducted by NH 4 OAc buffered at pH 7.0 (5A8b). Total carbon (C) content was determined by dry combustion (6A2f) (Vario EL III, Elementar Americanas, Inc., Mt. Laurel, NJ), and CaCO 3 equivalent was estimated by electronic manometer method (6Elg). Organic C in soil was estimated from both the total-, and CaCO 3 -C. Soil pH was measured in a 1:1 soil/water suspension (8Clf). Liquid limit was determined by the American Society for Testing and Materials method D 4318 (ASTM, 1993) . Soluble nitrate-N was extracted with 1.0 M KCI solution and measured by the flow injection, automated ion analyzer LACHAT Instruments (6M2a). Classification, and selected properties for soils under crop and grass in WT watershed are given in Table 1 .
Stream-water samples were filtered by using a glass syringe equipped with Whatman 25-mm GD/X disposable nylon filter media (0.45 gm pore size). Nitrate-N concentration in the filtrate was determined by the High Pressure Ion Chromatograph (6Mlc) (HPIC, Dionex Corp.) and pH by the combination electrode and Digital pH/ion meter, Model 950, Fisher Scientific (8Cla) as described inUSDA/NRCS (1996) .
Estimation of Rnnoff Water
Rainfall is the primary source of water that runs off the surface of small agricultural watersheds. The main factors affecting the volume of rainfall that runs off are the kind of soil and the type of vegetation in the watershed (USDA/ SCS, 1991) . The runoff equation can be written as follows:
where Q = runoff (inches), R = rainfall (inches), and S = potential maximum retention (inches) after runoff begins.
The potential maximum retention (S) can range from zero on a smooth and impervious surface to infinity in deep gravel. The S value is converted to a runoff curve number (CN), which is dependent on both the hydrologic soil group and type ofland cover by the following equation:
According to Eq.
(2), the CN is 100 when S is zero and approaches zero as S approaches infinity. Runoff curve numbers (CNs) can be any value from zero to 100, but for practical applications are limited to a range of 40 to 98. Substituting Eq. (2) into Eq. (1) gives
In this study, hydrologic groups of the 12 soil map units investigated were used to determine CNs for fallow, crop (cropland) and grass (grassland). Further, the annual rainfall at various soil locations were taken from the USDA/ NRCS National Water and Climate Center _ (NWCC, 2003) .
USDA/SCS (1991) developed the runoff equation [Eq.
(3)] to estimate runoff from small agricultural watersheds by 24-hour rainfall event. It was assumed the 24-hour storm was an effective rainfall (R) that could generate runoff. In this study, however, we applied the runoff equation to estimate runoff by an annual rainfall. It was assumed 20% of an annual rainfall in Lancaster County (730 mm) would generate runoff. The effective rain (R) = (annual rainfall + 5). We used runoff information reported in the average annual runoff of the United States, 1951 (Gilbert et al., 1987 to make that assumption. This approach has an insignificant effect on runoff value derived from the runoff equation [Eq.
(3)] because of the similarity of the effective rain value (R-) used in both cases. However, it enables us to predict runoff water for an annual rainfall rather than a storm event, which is desirable to the scientific and agricultural communities.
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(3) For each soil, both the runoff curve number (CN) and effective rainfall (R) values were applied in the runoff equation [Eq.
(3)] to calculate the runoff (Q) for fallow, crop, and grass. Noteworthy, Eq. (3) calculated runoff values in inches. In this study, the Q values were converted to millimeters.
Estiiation of Leadcing IWVater
The amount of water that leaches from soil was determined by a model developed by Williams and Kissel (1991) . The authors used an equation of the form used to estimate surface runoff water [Eq. (3)] to develop their equation that predicts the percolation index (PI).
Where PI is an estimate of average annual percolation in inches, P is the average annual rainfall in inches, and r is a retention parameter. The retention parameter (r) is related to a Per-colation Curve Number (PCN) by using the equation r = (1000/PCN)-10 (5) The values of PCN are 28, 21, 17, and 15 for hydrologic soil groups A, B, C, and D, respectively (Williams and Kissel, 1991) .
Another factor of considerable importance in estimating percolation is the seasonal rainfall distribution. Rainftll that occurs in the absence of crops is much more likely to percolate than growing season rainfall (i.e., spring and summer) because evapotranspiration is low during the fall and winter. Williams and Kissel (1991) introduced the Seasonal Index (SI) to estimate the seasonal precipitation effects on percolation.
where PW is the effective precipitation (rainfall occurs in the absence of crops), and P is the annual precipitation. The effective precipitation (PW) for cropland in WT watershed was computed by summing the values for October through May. Assuming evapotranspiration was very low during the winter, December, January, and February were used to calculate PW for grassland. For fallow, however, PW = P because of the absence of any land cover throughout the entire year. The Leaching Index (LI) -was estimated by combining Eqs. (4) and (6) as follows:
For the 12 soil map units investigated, the amount of leaching water was calculated by using the LI for fallow (bare soil), cropland, and grassland.
Observed I?fizow for WT Reservoir
In 1962, the dam on a tributary of Salt Creek and construction of the Wagon Train reservoir were completed. However, United States Geological Survey (USGS, 2001) has monitored the water flow in Salt Creek and streams in the Platte River basin long before the construction of WT reservoir. The Salt Creek gage at Roca (USGS gage No. 06803000, hydrologic unit 10200203, Lancaster County, Nebraska) with a period of record from 1951 to 2000 provided average monthly water flow rate values for a drainage area of 106,880 acres (43,286 hectare) encompassing WT watershed (USGS, 2001) . Recently, the Lower Platte South Natural Resources District (LPSNRD, 2004) used the ratio of the watershed to the Salt Creek drainage area (9.34%) to calculate the average monthly water flow rate values for WT watershed. In this study, we used these average monthly water flow rate values to calculate the observed inflow for WT reservoir.
Estimating Nitrate-N Loss by Runoff and Leachitg
Nutrients such 'as N, K, P, and other agricultural chemicals are released from a thin layer of surface soil that interacts with rainfall and runoff. In chemical transport models, the thickness of the interaction zone is determined by model calibration with experimental data, with depths ranging between 2.0 and 6.0 mm (Donigian et al., 1977) . Frere et al. (1980) , however, suggested an interaction zone of 10 mim, assuming that only a fraction of the chemical present in this depth interacts with rain-fall water. In other studies in this laboratory, Elrashidi et al. (2003 Elrashidi et al. ( , 2004 Elrashidi et al. ( , 2005 ) used a fixed soil thickness of 10 mm to estimate P and nitrate-N loss by runoff for agriciltural land. In this study, the nitrate-N measured in soil is the net product of all chemical and biological reactions affecting nitrate-N in soil (i.e., mineralization, nitrification, and immobilization).
In this study, we used an interaction zone of 10 mm to calculate the amount of nitrate-N released from surface soils by runoff. Also, it was assumed that during the runoff occurrence, water content in the surface 10-Trum soil depth is at the liquid limit, the moistuire content at which the soil passes from a plastic to a liquid state. Thus, during the runoff occurrence, the total amount of water (where nitrate-N in the 10-mm soil depth is dissolved) is the sum of water within the soil body (liquid limit), and that on the surface of soil (runoff water). The volume of water in the 10-mm soil depth is usually very small when compared with runoff water. Only nitrate-N in runoff water is removed and lost during the runoff occurrence. For the 12 map units investigated, amounts of nitrate-N loss by runoff were calculated as kg/ha/yr. Hubbard et al. (1991) and Lowrance (1992) studied nitrate-N losses from a small watershed (0.34 ha) in south Georgia. They found that most of the nitrate-N losses were leached from the top 30-cm soil layer when 620 mm of natural rainfall followed fertilizer application. Further, in a field experiment in Wisconsin, Olsen et al. (1970) investigated the effect of spring and summer rainfall (average 55 cm) on downward movement of N for soils under corn, that received 336 kg NH 4 NO 3 /ha. At the end of summer, they found that <10% of applied-N remained within the top 30 cm of the soil.
In this study, to calculate nitrate-N loss by leaching, we assumed (i) rain -ivater leaching through the surface 30 cm of the soil profile .initiates downward movement of nitrate-N, and (ii) a leaching index (LI) equivalent to the annual rainfall in Lancaster County, Nebraska (730 mnm) can leach all nitrate-N present in the top 30-cm soil depth.
The downward movement of water (carrying dissolved nitrate-N) from the top soil (30-cm soil depth) is the major mechanism by which nitrate-N is lost from the root ione. A leaching index (LI) equivalent to the ahnual rainfall in Lancaster County (730 mm) can, remove nitrate-N beneath the root zone (30-cm soil depth). The loss of nitrate-N is dependent on the predicted depth of water leaching through the top 30-cm of soil. The ratio of predicted leaching water depth to the annual rainfall (730 nmm) is used to estimate the downward movement (loss) of nitrate-N from the top 30-cm of soil. For example, a predicted leaching water depth of 73 mm for a soil will result in downward movement of 10% (73/730) of nitrate-N present in the top 30-cm of soil. For each soil the authors used the predicted leaching water (mm/yr) and concentration of nitrate-N (mg/kg soil) in the surface 30-cm of soil to calculate nitrate-N loss by leaching for soil under fallow, crop, and grass.
GIS Digital Mapping
Digital maps for Water and P losses from agricultural land in WT watershed, Lancaster County, Nebraska were generated by Geographical Information Systems (GIS) softvware. The GIS software used was ArcView 8.3 (ESRI, 2003) . The input required to generate the map included spatial data layers (soil series and land cover) and the tabular data from both the runoff and leaching as well as nitrate-N (water and nitrate-N loss from soils and concentration in runoff and leaching water).
The principal spatial data layer used was the Soil Survey Geographic (SSUPGO) (USDA/ NRCS, 1999). Both the National Land Cover (NLCD, 1992) , and National Agricultural Sta-tistics Service (NASS, 2003) spatial layers were used to identidf areas of cropland and grassland within the county. Other types of land cover such as urban, forest, water or marsh were not mapped for the watershed. The proposed technique calculated water and nitrate-N losses and N concentration in runoff and leaching water for soils under different types of land cover (fallow, crop and grass). Thus, GIS mapping of agricultural land in the watershed included data layers for soils and land cover as well as water or soil nitrate-N.
RESULTS AND DISCUSSION
Runoff and Reservoir hfiiotv
The predicted annual loss of water by runoff (m 3 /ha/yr) for 12 soil map units under different land covers in WT watershed is given in Table 2 . Actually, fillow (bare soils) did not constitute a large area in the watershed. But, it was included to provide a worst-case scenario if heavy storms and runoff events have occurred during crop field preparations or early growth's stage for the summer crop (April to June). Accordingly, the area of cropped soils (70% of the watershed) was also used to predict the runoff water for fallow. Grass covered the remainder of the watershed.
Generally, the annual loss of water from soil by runoff was slightly higher for fallow than Soil ( (Elrashidi et aL, 2003) . However, these values were relatively higher than those reported for Lancaster County, Nebraska where the watershed is located (Elrashidi et al., 2004) . This could be attributed to the slow water infiltration rate (hydrologic group D) for the dominant soils. (Wymore, Pownee, and Mayberry) in the watershed. These three soils occupy approximately 80% of the agricultural land in the watershed.
The results indicated that Wymore-WtC2 soil map unit, irrespective of the land cover, produced the highest volume of runoff water mainly because ofits abundance in the watershed. On the other hand, Kennebec soil which had very limited area generated the least volume of runoff water. The total annual loss ofrunoffwater from the 12 major soil map units was 4.15 million in 3 . Under the worst-case scenario (using fallow for all cropland), this value should increase (8%) to 4.47 mnilon m3. The area of the 12 major soil map units (3885 ha) incorporated about 96% of the entire watershed. When the entire watershed area (4042 ha) was considered, the total annual runoff accounted for 4.31 million mr 3 of water. Figure 2 shows the observed average monthly inflow (m 3 ) for WT reservoir for a 50-year period between 1951 and 2000 (USGS, 2001) , and the predicted surface water runoff (m 3 ) for WT watershed. The historic record of monthly rainfall for Lancaster County (NWCC, 2003) was used to predict the runoff water. The runoff model, used in the present study (USDA/ "SCS, 1991) appeared to underestimate the observed water flow to the reservoir for February and March while overestimating the inflow for August and September.
According to the historic record of Lancaster County (NWCC, 2003) , a total of23.9 inches (607 mm) of snow falls during the winter. Usually, a large portion of this snow remains on the ground because of the cold weather. The moderate temperature in early spring could melt much of the snow which increases the water inflow for the reservoir. This snow melt might explain the underestimation of the inflow for February and March.
During the hot summer period, crops such as com and-soybean are in a ifi-l growth stage and have a high demand for water. Further, the high temperature and low relative humidity could dry the surface soil and increase evapotranspiration by plants. These combined factors could reduce the runoff and reservoir inflow which may explain the overestimation for August and September. The underestimation in early spring appeared to offset the summer's overestimation and kept the predicted annual runoff water (4.31 million in 3 ) in good agreement with the observed annual inflow (4.25 million M 3 ).
Leaching Water
The poor hydraulic conductivity of the three dominant soils in the watershed (Wymore, Pawnee, and Mayberry), contributed to a slow water infiltration rate through the vadose zone. Accordingly, the amount of water loss by leaching was generally much lower than by runoff (Table 2) . For the dominant soils (map units), the annual water loss by leaching was 188, 150, and 80 m 3 /ha/yr for fallow, cropland, and grassland, respectively. For other soils (Nodaway, Sharpsburg, Judson, Burchard, and Kennebec) with adequate hydraulic conductivity, the water loss by leaching was somewhat similar to runoff. The annual water loss by leaching was 1168, 936, and 498 m 3 /ha/yr for fallow, cropland, and grassland. , "When all 12 major soils in the watershed were considered, the predicted average of leaching water was 351 m 3 /ha/yr for fallow, 282 in /ha/yr for cropland, and 150 m 3 /ha/yr for grassland. These results accounted for 4.8% of the annual rainfall for fallow, 3.9% for cropland, and 2.1% for grassland. The values were lower than those reported for Lancaster County, Nebraska (Elrashidi et al., 2004) , where the average was 10.1, 8.0, and 4.3% for fallow, cropland, and grassland, respectively, As mentioned above, the poor hydrology and slow water infiltratiorn rate through th,e vadose zone for the dominant soils, which accounted for 80% of the agricultural land in the watershed, might explain these relatively low values.
The predicted annual volume of leaching water from all agricultural land in the watershed area (4042 ha) was 0.98 million in 3 , which accounted for 3.3% of the annual rainfall. The fate of this water is unclear because we have no information on the direction or velocity of the subsurface water flow. However, the fact that the observed inflow for WT reservoir was derived mainly from the runoff (USGS, 2001) , suggested that the leaching water had a minor effect on the reservoir. Further, the lack of oxygen and low redox potential in subsurface soil environments can convert nitrate to less oxidized and immobile N forms (i.e., ammonium and organic-N). This reducing reaction can limit the effect of leaching N on the reservoir. Accordingly, in this study, we assumed that only nitrate-N loss from soils to runoff water has contributed to N loading into the reservoir.
Nitrate-N Loss Fronm Soils
The loss of nitrate-N by runoff and leaching water for soils under fallow, crop, and grass (kg/ ha/yr) are given in Table 3 . For both fallow and cropped soils, the average loss by runoff was similar at 1.9 kg/ha/yr, and it was greater than that in the grassland (1.27 kg/ha/yr). For 110 counties in the High Plains region in the United States, Wu et al. (1997) used five categories to evaluate N loss by runofflow (<1.68 /yr) -----------------------(kg/ha/yr)------- kg/ha), medium-low (1.68 to 3.36 kg/ha), medium (3.36 to 5.04 kg/ha/yr), medium high (5.04 to 6.72 kg/ha), and high (>6.72 kg/ha). The ranges were determined so that the 110 county-level averages of N in runoff (4.71 kg/ha) fills in the medium range. Therefore, these categories may only be used to compare N loss across the High Plains region. Accordingly, most soils under fallow and crop cover in the watershed were at medium-low, whereas most grassland soils were categorized at low. On the other hand, the loss of nitrate-N by leaching, irrespective of land cover, was greater in soils with a fast water infiltration rate (hydrologic group B) than in those with a slow water infiltration (hydrologic group D). For the former, the annual loss ranged from' 4.39 to 10.4 kg/ha/yr for fallow, 3.52 to 8.36 kg/ha/yr for cropland, and 0.27 to 3.99 kg/ha/yr for grassland. For the latter, the ranges were 1.33 to 2.13, 1.06 to 1.71, and 0.03 to 0.47 kg/ha/yr for fallow, cropland, and grassland, respectively. Further, the average for the entire watershed was relatively low at 2.89, 2.31, and 0.81 kg/ha/ yr for fallow, cropland, and grassland, respectively because of the dominance of soils with poor hydrology and slow water infiltration. Wu et al. (1997) used the following categories to evaluate N loss by leaching for 110 counties in the High Plains region: low (<1.12 kg/ha), medium-low (1.12 to 2.24 kg/ha), medium (2.24 to 3.36 kg/ha), medium-high (3.36 to 4.48 kg/ha), and high (>4.48 kg/ha). Comparing losses by leaching in the watershed with those across the High Plains, most soils with fast water infiltration rate, irrespective of land cover, were classified at high or mediurm-high. Meanwhile, soils of slow infiltration were mostly at the low or medium-low category.
Several studies in the north central region of the United States (i.e., Olsen et al., 1970, in Wisconsin; Gast et al., 1978, in Minnesota) reported greater amounts of nitrate-N leaching losses than those found in this study. Timmons and Dylla (1981) reported average annual nitrate-N leaching losses to range from 29 to 112 kg/ha for a com field during a 5-year period in central Minnesota. In southwest Michigan, Rhasse et al. (1999) found application of 101 and 202 kg N/ha to a maize field during a 5-year period generated an average nitrate-N leaching loss of 26 and 60 kg/ha/yr, respectively, during the last 2 years of treatment. These large leaching losses in the north central region might be a result of higher annual precipitation, coarser soil texture, and faster rate of water infiltration. Moreover, studies in the north region were conducted on soils after application of N fertilizers. In our study, however, precautions were undertaken to avoid soil sampling from fertilized fields.
Nitrate-N Loading in Reservoir
One of the objectives of this study was to estimate the impact of agricultural, land in the watershed (nonpoint source of nitrate-N contamination) on water quality in WT reservoir. The predicted values for both nitrate-N and water losses by runoff and leaching were used to calculate nitrate-N concentration (mg/L) n water generated from soils under fallow, crop, and grass (Table 4 ). The average nitrate-N concentration in runoff water was 1.54, 1.69, and 1.35 mg/L for fallow, cropland, and grassland, respectively. The average nitrate-N concentration in runoff water from the entire watershed was 1.63 mg/L. On the other hand, the predicted average nitrate-N concentration in leaching water was higher than that in runoff water. The respective concentrations were 8. 22, 8.22, and 5 .38 mg/L for fallow, cropland, and grass-land, whereas the predicted average nitrate-N concentration for the entire watershed was 7.88 mg/L. The predicted nitrate-N concentration in the runoff water from various soils and land covers in the watershed are illustrated in Fig. 3 . The dark area in the map indicates soils producing runoff water with nitrate-N concentration higher than 2 mg/L. It includes Wymore-WtB, Nodaway, Sharpsburg, and Judson cropped soils as well as Nodaway, Judson, and Colo soils under grass. The total area of these soils (map units) was 865 ha, which accounted for 21% of the agricultural land in the watershed. The predicted nitrate-N concentration in leaching water from various soils are shown in Fig. 4 . The area in dark color refers to soils under crop and grass that generated leaching water with nitrate-N concentration higher than 7.5 mg/L. However, only cropped Wymore-WtB, and Colo soil under grass generated leaching water with nitrate-N concentrations exceeding the EPA MCL of 10 mg/L (USEPA, 1992) . The area of the two soils (map units) was 437 ha, which is 11% of the agricultural land in the watershed.
We used the predicted average nitrate-N concentration in the runoff water, and the average monthly runoff water generated from soils in the watershed to estimate the average monthly nitrate-N loading to WT reservoir. As mentioned above, the 12 major soils (map units) investigated in this study, incorporated 96% of the agricultural land in the watershed. Thus, the predicted volume of runoff water was corrected to include the entire watershed area. Then, the corrected runoff along with the average nitrate-N concentration (1.63 mg/L) were used to calculate the average monthly and annual nitrate-N loading (7.04 Mg) into WT reservoir.
The predicted average monthly nitrate-N loading into WT reservoir is shown in Fig. 5 . Most of the nitrate-N charge into the reservoir occurred from April through September where the average monthly loading ranged between 600 and 1000 kg nitrate-N. The least amount of loading was calculated for winter months, where approximately 200 kg nitrate-N per month was charged into the reservoir.
Observed INitrate-N Concentration
At the beginning of the rainy season (March), surface water samples were collected at 12 E J locations in major streams in the watershed (Fig.  1) . The nitrate-N concentration in these samples ranged between 0.37 and 1.56 mg/L with an average of 0.90 mg/L (SD = 0.41 mg/L). Meanwhile, the nitrate-N concentration in monthly samples collected for the entire rainy season (March through October) along the main stream before entering the reservoir ranged from 0.36 to 1.45 mg/L with an average of 0.81 mg/L (SD = 0.32 mg/L) (Fig. 6) . These observed concentrations were generally lower than the predicted average nitrate-N concentration (1.63 mg/L) in the runoff water from the entire watershed.
A presence of large populations of algae, weeds, and aquatic plants in streams could assimilate N and decrease the concentration in water. Further, nitrate loss could be associated Linn and Doran (1984) , and Paul and Clark (1996) reported that under anaerobic conditions, soil nitrate is biologically reduced to NO and N 2 0 gases, where low oxygen concentration and soluble carbon source provides energy for the reaction. Similar processes could take place in freshwater, where heavy growth of algae and aquatic plants consume oxygen and excrete soluble carbon compounds, which enhance nitrate reduction and emission of gaseous nitrogen oxides. Slightly higher nitrate-N values for WT watershed stream water were reported by other scientists. During the period between May and September 2003,LPSNRD (2004) collected monthly water samples from the main stream just above the reservoir. They found that the, nitrate-N concentration ranged between 0.34 and 4.78 with an average of 2.09 mg/L.
In conclusion, we must emphasize that the predicted nitrate-N value was calculated for runoff water generated at field sites and not in stream water. Factors affecting N concentration in runoff water after leaving field sites such as N removal by aquatic weeds and algae as well as denitrification should be taken into consideration. The data suggested that these factors have lowered nitrate-N concentration by approximately 45 to 50% (from 163 to 81 to 90 mg/L). Therefore, when we consider factors affecting N concentration in runoff after leaving field sites, the technique could provide a reasonable estimation of N concentration in stream water.
SUMMARY AND CONCLUSIONS
Nitrate and other water-soluble chemicals can be transported from agricultural land by surface runoff and subsurface leaching to freshwater bodies. Management activities on cultivated land in high rainfall areas may pose risk to water quality. An exploratory technique was developed that utilizes existing climatic, hydrologic, and soil survey databases to estimate the loss of nitrate-N by runoff and leaching from agricultural land. The technique applies runoff and percolation models to estimate water loss from agricultural watersheds. The interaction between both runoff and leaching waters and dissolved nitrate-N in root-zone soil is used to estimate nitrate-N loss from soil.
For WT watershed, the estimated annual loss of water'by runoff was 4.32 million ma 3 and approximately one million ln 3 of water for the annual loss by leaching below the root zone. The predicted runoff water was in good agreement with the observed annual inflow for WT reservoir (4.25 million m 3 ). The estimated annual nitrate-N loss by runoff from the watershed was 7.0 Mg, whereas the loss by leaching was slightly higher, at 7.7 Mg. No attempt was made to investigate the fate of water or nitrate lost by leaching below the root zone. It is unlikely, however, that the leaching water and nitrate have any significant impact on the reservoir.
Nitrate-N concentration in stream water samples collected at the beginning of the rainy season (March) from 12 locations in the watershed ranged between 0.37 and 1.56 mg/L with an aveiage of 0.90 mg/L. Further, the nitrate-N concentration in monthly samples collected for the rainy season (March through October) along the main stream before entering the reservoir ranged from 0.36 to 1.45 mg/L with an average of 0.81 mg/L. The observed concentration was generally lower than the predicted nitrate-N concentration of 1.63 mg/L for the entire watershed. This low nitrate-N concentration observed in streams could be attributed to the presence of heavy growth of algae, weeds, and aquatic plants as well as denitrification. Assuming that most of runoff water from the watershed flows into the reservoir, the predicted annual nitrate-N loading was about 7.0 Mg for WT reservoir. We must emphasize that the predicted nitrate-N value was calculated for runoff water generated at field sites and not in stream water. When we consider factors affecting N concentration in runoff after leaving field sites, the technique could provide_ a-reasonable estimation of N concentration in stream water. We concluded that the NRCS technique could be used as an exploratory technique to conduct quick evaluations and identify hot spots for large areas of agricultural land. Thus, lengthy and sitespecific studies could be focused on certain areas of high risk.
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